The time available for measuring an atomic transition in an environment free of perturbations has been substantially increased by the achievement of ultra cold atomic samples. Using cold atoms in atomic fountains, measurements of the 9.2 GHz "clock" transition in Cesium were performed with measurement times as long as 450 ms. A possible way to increase the measurement time beyond the limit imposed by the height of a fountain is to use optically trapped atoms. The great disadvantage of a trap. is that the trap acts also as a perturbation for the atomic level, and in particular a farof-resonance optical trap (FORT). introduces a relative ac Stark shift of the hyperfine levels, which results in a systematic shift in the frequency measurement and an inhomogeneous broadening of the transition, which causes a loss of atomic coherence on a much faster rate than spontaneous emission. These effects can be reduced by increasing the traps detuning and by using blue-detuned traps, in which the atoms are confined mainly in the dark. Houever, the residual frequency shifls are still the main limiting factor for precision spectroscopy in optical traps.
The time available for measuring an atomic transition in an environment free of perturbations has been substantially increased by the achievement of ultra cold atomic samples. Using cold atoms in atomic fountains, measurements of the 9.2 GHz "clock" transition in Cesium were performed with measurement times as long as 450 ms. A possible way to increase the measurement time beyond the limit imposed by the height of a fountain is to use optically trapped atoms. The great disadvantage of a trap. is that the trap acts also as a perturbation for the atomic level, and in particular a farof-resonance optical trap (FORT). introduces a relative ac Stark shift of the hyperfine levels, which results in a systematic shift in the frequency measurement and an inhomogeneous broadening of the transition, which causes a loss of atomic coherence on a much faster rate than spontaneous emission. These effects can be reduced by increasing the traps detuning and by using blue-detuned traps, in which the atoms are confined mainly in the dark. Houever, the residual frequency shifls are still the main limiting factor for precision spectroscopy in optical traps.
We demonstrate a method for reducing the inhomogeneous broadening in the spectroscopic measurement of the hyperfine splitting of the ground state of optically trapped atoms. This reduction is achieved by the addition of a very weak light tield (the "compensating beam"), whose frequency is tuned between the two hyperfine levels[ I]. The total shift is obtained by adding the shifts from the trap and the compensating beam, and a complete cancellation of the inhomogeneous broadening will occur for an intensity ratio of -( A H F / 2 & ) * . We implemented the proposed scheme with a FORT, created by focusing a 50 mW laser, detuned 5 n m below resonance, to a waist of Wo=50pm, thus resulting in a potential depth of U. = 200E, (Erec is the recoil energy). An additional laser, with frequency locked close to the middle of the ground state splitting, was combined with the FORT laser. To achieve optimal spatial mode-match, both lasers were coupled into a single-mode optical fiber, and the fiber's output was passed focused into the vacuum chamber. We loaded IO5 atoms with a temperature of -I Q pK, and performed a Rabi spectroscopy measurement by driving the ground state IF=2,m~=0> to IF=3,mF=0> transition, which is insensitive to magnetic fields. Figure I(b) shows results for the Rabi spectrum with a 3 ms long pulse. The spectrum of free atoms shows no broadening and an rms width Fourier limited to -1 10Hz. The dashed line shows the spectrum of trapped atoms. A shift in the peak frequency (-550Hz), and a broadening of the line (to -320Hz) are seen. The addition of the compensating beam, nearly cancels the broadening and shift of the spectrum. We performed a similar measurement with a 50 ms pulse, and observed a nearly Fourier limited width (thus showing a nearly 50-fold narrowing), at the expense of a larger.spontaneous photon scattering and hence a smaller signal.
With the suppression of inhomogeneous broadening, the atomic coherence time is next limited by the much smaller spontaneous scattering time. Finally, the introduction of the compensating beam provides us with an experimental method to control the decoherence rate of the atomic ensemble, and thus to study the interesting interplay between dynamics and coherence in systems with a rich phase-space, for example in atom-optics billiards [2] . 
